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Description 

BACKGROUND OF THE INVENTION 

5 Processes of bonding nonwoven fibrous webs to thermoplastic films have been known for some time. Additionally, 

methods for extrusion laminating thermoplastic films to unstretched nonwoven webs are well known in the art. 

Relevant patents regarding extrusion lamination of unstretched nonwoven webs include U.S. Patent Nos. 
2,714,571; 3,058,863; 4,522,203; 4,614,679; 4,692,368; 4,753,840 and 5,035,941. The above '863 and *368 patents 
disclose stretching extruded polymeric films prior to laminating with unstretched nonwoven fibrous webs at pressure 

w roller nips. The '203 and '941 patents are directed to co-extruding multiple polymeric films with unstretched nonwoven 
webs at pressure roller nips. The '840 patent discloses preforming nonwoven polymeric fiber materials prior to extrusion 
laminating with films to improve bonding between the nonwoven fibers and films. More specifically, the '840 patent dis- 
closes conventional embossing techniques to form densified and undensified areas in nonwoven base plies prior to 
extrusion lamination to improve bonding between nonwoven fibrous webs and films by means of the densified fiber 

75 areas. The '941 patent also teaches that unstretched nonwoven webs that are extrusion laminated to single ply poly- 
meric films are susceptible to pinholes caused by fibers extending generally vertically from the plane of the fiber sub- 
strate and, accordingly, this patent discloses using multiple co-extruded film plies to prevent pinhole problems. 
Furthermore, methods for bonding loose nonwoven fibers to polymericf ilm are disclosed in U.S. Patent Nos. 3,622,422; 
4,379.192 and 4,725,473. 

20 It has also been known to stretch nonwoven fibrous webs using intermeshing rollers to reduce basis weight and 
examples of patents in this area are U.S. Patent Nos. 4,153,664 and 4,517,714. The '664 patent discloses a method of 
incremental cross direction (CD) or machine direction (MD) stretching nonwoven fibrous webs using a pair of interdigi- 
tating rollers to strengthen and soften nonwoven webs. The '664 patent also discloses an alternative embodiment 
wherein the nonwoven fibrous web is laminated to the thermoplastic film prior to intermesh stretching. 

25 U.S. Patent 4673615 describes a stiff, abrasion resistant, laminated material comprising an extruded sheet of stiff 
thermoplastic polymer laminated between two layers of needled nonwoven thermoplastic fabric during extrusion of the 
sheet. The fabric layers bond to the sheet through interlocking of fibre positions thereof with the matrix of the sheet. 
Loosening of the layer to sheet bonds is said to be a problem with the material and the document proposes the use of 
common polymers for the sheet and the layers to overcome this. 

30 There is a continuing need to achieve satisfactory bond strengths between nonwoven fibrous substrates and plastic 
films while providing sufficient absorbency or softness by the fibrous web. It could be very desirable to provide a high 
speed method of bonding a nonwoven fibrous web to a thermoplastic film thereby producing a laminate having a soft 
absorbent layer and sufficient bond strength without pinholes in the film. Improvements are also needed in order to 
overcome the problems associated with presently available process technology. 

35 

SUMMARY OF THE INVENTION 

An extrusion laminate of a nonwoven fibrous web and a thermoplastic film, in accordance with the invention, com- 
prises a nonwoven fibrous web and a thermoplastic film extrusion laminated to one surface of the web with the fibre 

40 ends which extend outwardly from the web surfaces extending into the film for bonding the web to the film without pen- 
etrating through the film, characterised in that the web has a multitude of fibre ends extending outwardly from both web 
surfaces formed by incremental stretching of the fibrous web along lines substantially uniformly across the web and 
throughout its depth, the other surface of the web having the multitudinous ffore ends extending outwardly therefrom to 
provide a soft fibrous texture to the laminate. 

45 A method of extrusion laminating a nonwoven fibrous web to a thermoplastic film, in accordance with the invention, 
comprises providing a nonwoven fibrous web, introducing the web into a nip of rollers for extrusion lamination with a 
thermoplastic film, extruding into the nip a thermoplastic extrudate at a temperature above its softening point to form a 
film, and, controlling the compressive force between the fibrous web and extrudate at the nip to bond one surface of the 
web with the fibre ends which extend outwardly from the web surfaces extending into the film without penetrating 

so through the film, characterised in that prior to introducing the web into the nip, the web is incrementally stretched along 
lines substantially uniformly across the web and throughout its depth to provide a multitude of fibre ends extending out- 
wardly from both web surfaces, and in that the compressive force is controlled also to maintain the multitudinous 
extending fibre ends on the other surface of the fibrous web to provide a soft fibrous texture to the laminate. 

This invention is directed to an extrusion laminate of a stretched nonwoven fibrous web and a thermoplastic film. 

55 The laminate has improved bond strengths between the fibrous web and the extruded film and a soft fibrous texture. It 
is also an objective of this invention to provide such a laminate without pinholes in the thermoplastic film that is pro- 
duced on high speed production machinery at line speeds of 2.5 to 5 m/s (500 to 1000 fpm). 

The extrusion laminate comprises a nonwoven fibrous web having a multitude of fiber ends extending outwardly 
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from both web surfaces formed by incremental stretching of the fibrous web along lines substantially uniformly across 
the web and throughout its depth. A thermoplastic film is extrusion laminated to one surface of the f torous web with the 
fiber ends extending into the film for bonding the web to the film without penetrating through the film, and the fiber ends 
extending from the other film surface provides a soft fibrous texture to the laminate. 

5 In a most preferred form, the method of this invention involves inline stretching and lamination, more specifically, 
the method comprises incrementally stretching a nonwoven fibrous web prior to extrusion lamination with a thermoplas- 
tic film. The fibrous web is first incrementally stretched along lines substantially uniformly across the web and through- 
out its depth to provide a multitude of fiber ends extending outwardly from both web surfaces. Then, the incrementally 
stretched fibrous web is introduced into a roller nip and the thermoplastic film is extruded onto one web surface in the 

10 nip for bonding the web to the film. The compressive force is controlled at the nip for bonding one surface of the fibrous 
web with f foer ends extending into said film without penetrating through the film. The other web surface having extend- 
ing fiber ends is maintained to provide a soft fibrous texture to the laminate. 

Other benefits, advantages and objectives of this invention will be further understood with reference to the following 
detailed description. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

It is a primary objective of this invention to produce a laminate of a thermoplastic film and a nonwoven fibrous web 
on high speed production machinery to produce satisfactory bond strengths of the film to one web surface with mainte- 

20 nance of a soft fuzzy feel on the other surface of the laminate. As developed above, these and other objectives are 
achieved in a preferred form of the invention by first incrementally stretching the nonwoven fibrous web along lines sub- 
stantially uniformly across the web and throughout its depth to provide a multitude of fiber ends extending outwardly ^ 
from the web. It has been found, by first incrementally stretching the f forous web, unexpected bond strengths of the web . ; 
with the thermoplastic film result upon extrusion lamination. Furthermore, it has been found that such a laminated com- . 

25 posite may be made by extrusion without forming pinholes in the thermoplastic film. Accordingly, the extrusion lami- 
nated composite is characterized by being impervious to the passage of liquid by virtue of the thermoplastic film while 
maintaining a soft feel on the fibrous web surface of the laminate. Thus, the laminated composite has utility in a number , 
of applications including surgical gowns, sheets, dressings, hygenic products and the like. 

30 A. Materials For The Laminate 

The thermoplastic film preferably is of the polyolefin type and may be any of the class of thermoplastic polyolefin 
polymers that are processible into a film for direct lamination by melt extrusion onto the fibrous web. Suitable thermo- ., 
plastic polymers may be biodegradable or environmentally degradable. A number of biodegradable thermoplastic poly- 
35 mers suitable in the practice of the invention are of the normally-solid oxyalkanoyl polymers or dialkanoyl polymers 
represented by poly(caprolactone) or polyethylene adipate); polysaccharides or modified polysaccharides such as 
starch-resin compositions that may be film-formed. Preferred are polyvinyl alcohol, polycaprolactone or a starch poly- 
mer and blends thereof Suitable thermoplastic polymers that may also be environmentally degradable include polyolefin 
based polymers that may be film-formed into water insoluble and impermeable films for use as barrier materials in the 
40 manufacture of many useful articles such as diapers, underpads, packaging, drapes and the like. The olefin based pol- 
ymers include the most common ethylene or propylene based polymers such as polyethylene, polypropylene, and 
copolymers such as ethylene vinylacetate (EVA), ethylene methyl acryiate (EMA) and ethylene acrylic acid (EAA), or 
blends of such polyolefins. The olefins thus that may be polymerized alone or in admixture with other ethylenically 
unsaturated monomers include, e.g., ethylene; propylene; 1 -butene; isobutene; 1 -pentene; halogenated olefins such as 
45 chloroprene; vinyl benzenes and naphthalenes such as styrene or vinyl naphthalene; vinyl or vinylidene halides such 
as vinyl chloride and vinylidene chloride; vinyl esters such as vinyl acetate and vinyl benzoate; acrylic and methacrylic 
acids (otherwise known as polyacrylate or methacrylate) and esters or amides thereof; and dienes such as butadiene, 
isoprene and cyclopentadiene. Other examples of polymers suitable for use as films in the composite sheet of this 
invention are known with reference to the above identified patents cited in the background of this application. 
so The nonwoven fibrous web may comprise ffoers of polyethylene, polypropylene, polyesters, rayon, cellulose, nylon, 
and blends of such fibers. The fibers may be formed from a biodegradable polymer. A number of definitions have been 
proposed for nonwoven fibrous webs. The fibers are usually staple fibers or continuous filaments. As used herein "non- 
woven f torous web" is used in its generic sense to define a generally planar structure that is relatively flat, flexible and 
porous, and is composed of staple fibers or continuous filaments. For a detailed description of nonwovens, see "Non- 
55 woven Fabric Primer and Reference Sampler" by E. A. Vaughn, Association of the Nonwoven Fabrics Industry, 3d Edi- 
tion (1992). 
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B. Stretchers F r the Fibrous Webs 

A number of different stretchers and techniques may be employed to stretch the starting or original nonwoven 
fibrous web. Nonwoven carded fibrous webs of staple fibers or nonwoven spun-bonded fibrous webs may be stretched 
s with the stretchers and techniques described as follows: 

1. Diaconal Internneshino Stretcher 

The diagonal intermeshing stretcher consists of a pair of left hand and right hand helical gear-like elements on par- 
w allel shafts The shafts are disposed between two machine side plates, the lower shaft being located in fixed bearings 
and the upper shaft being located in bearings in vertically slidable members. The slidable members are adjustable in 
the vertical direction by wedge shaped elements operable by adjusting screws. Screwing the wedges out or in will move 
the vertically slidable member respectively down or up to further engage or disengage the gear-like teeth of the upper 
intermeshing roll with the lower intermeshing roll. Micrometers mounted to the side frames are operable to indicate the 
is depth of engagement of the teeth of the intermeshing roll. 

Air cylinders are employed to hold the slidable members in their lower engaged position firmly against the adjusting 
wedges to oppose the upward force exerted by the material being stretched. These cylinders may also be retracted to 
disengage the upper and lower intermeshing rolls from each other for purposes of threading material through the 
intermeshing equipment or in conjunction with a safety circuit which would open all the machine nip points when acb- 

20 Vate Adrive means is typically utilized to drive the stationery intermeshing roll. If the upper intermeshing roll is to be dis- 
engageable for purposes of machine threading or safety, it is preferable to use an antibackfash gearing arrangement 
between the upper and lower intermeshing rolls to assure that upon reengagement the teeth of one intermeshing roll 
always fall between the teeth of the other intermeshing roll and potentially damaging physical contact between adden- 

25 dums of intermeshing teeth is avoided. If the intermeshing rolls are to remain in constant engagement the upper 
intermeshing roll typically need not be driven. Drive may be accomplished by the driven intermesh.ng roll through the 

1,181 The tZSranik closely resemble fine pitch helical gears. In the preferred embodiment, the rolls have 15.08 
cm (5 935") diameter. 45" helix angle, a 0.254 cm (0.100") normal pitch. 30 diametral pitch. 14 1/2° pressure angle and 
30 are basically a long addendum topped gear. This produces a narrow, deep tooth profile which allows up toaboutO.229 
cm (0.090") of intermeshing engagement and about 0.013 cm (0.005") clearance on the sides of the tooth for materia 
thickness. The teeth are not designed to transmit rotational torque and do not contact metal-to-metal in normal 
intermeshing stretching operation. 

as 2. Cross Direc tion Intermeshing Stretcher 

The CD intermeshing stretching equipment is identical to the diagonal intermeshing stretcher with differences in 
the design of the intermeshing rolls and other minor areas noted below. Since the CD intermeshing elements are. capa- 
ble of large engagement depths, it is important that the equipment incorporate a means of causing the shafts of the two 
intermeshing rolls to remain parallel when the top shaft is raising or lowering. This is necessary to assure that the teeth 
of one intermeshing roll always fall between the teeth of the other intermeshing roll and potentially damaging physical 
contact between intermeshing teeth is avoided. This parallel motion is assured by a rack and gear arrangement wherein 
a stationary gear rack is attached to each side frame in juxtaposition to the vertically slidable members. A shaft 
traverses the side frames and operates in a bearing in each of the vertically slidable members. A gear resides on each 
end of this shaft and operates in engagement with the racks to produce the desired parallel motion. 

The drive for the CD intermeshing stretcher must operate both upper and lower intermeshing rolls except m the 
case of intermeshing stretching of materials with a relatively high coefficient of friction. The drive need not be antiback- 
lash. however, because a small amount of machine direction misalignment or drive slippage will cause no problem. The 
reason for this will become evident with a description of the CD intermeshing elements. 

The CD intermeshing elements are machined from solid material but can besl be described as an alternating stack 
of two different diameter disks. In the prefened embodiment, the intermeshing disks would be 15.24 cm (6") in diameter^ 
0 079 cm (0 031 ") thick, and have a full radius on their edge: The spacer disks separating the intermesh.ng disks would 
be 13 97 cm (5 1/2") in diameter and 0.1 75 cm (0.069")in thickness. Two rolls of this configuration would be able to be 
intermeshed up to 0.587 cm (0.231 ") leaving 0.048 cm (0.01 9") clearance for material on all sides. As with the diagonal 
intermeshing stretcher, this CD intermeshing element configuration would have a 0.254 cm (0.100") pitch. 
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3. Machine Direction Intermeshina Stretcher 

The MD intermeshing stretching equipment is identical to the diagonal intermeshing stretch except for the design 
of the intermeshing rolls. The MD intermeshing rolls closely resemble fine pitch spur gears. In the preferred embodi- 
5 ment, the rolls have a 15.07 cm (5.933") diameter, 0.254 cm (0.100") pitch, 30 Diametral pitch, 14 1/2° pressure angle, 
and are basically a long addendum, topped gear. A second pass was taken on these rolls with the gear hob offset 0.025 
cm (0.010") to provide a narrowed tooth with more clearance. With about 0.229 cm (0.090") of engagement, this con- 
figuration will have about (0.025 cm) 0.0 10" clearance on the sides for material thickness. 

10 4. incremental Stretching Technique 

The above described diagonal, CD or MD intermeshing stretchers may be employed to produce the incrementally 
stretched nonwoven fibrous web that is used to form the laminate of this invention. The stretching operation is usually 
employed on a nonwoven fibrous web of staple fibers or spun-bonded filaments. In one of the unique aspects of this 

15 invention a nonwoven fibrous web of spun-bonded filaments may be incrementally stretched to provide a very soft 
fibrous finish to the laminate that looks like carded fibers with superior bond strengths. The woven f ibrous web is incre- 
mentally stretched using, for instance, the CD intermeshing stretcher with one pass through the stretcher with a depth 
of roller engagement at about 0.229 cm (0.090 inch) to 0.305 cm (0.120 inch) at speeds from 2.5 to 5m/s (500 fpm to 
1000 fpm) or faster. The results of such CD incremental or intermesh stretching produces a multitude of fiber ends 

20 extending outwardly from both web surfaces and throughout the web depth to provide the superior bond strengths and 
soft fibrous texture. 

PETAIIEP EXAMPLES QF THE INVENTION 

25 The following examples illustrate the extrusion laminated composites of this invention and methods of making 
them. In light of these examples and this further detailed description, it is apparent to a person of ordinary skill in the 
art that variations thereof may be made without departing from the scope of this invention. 
The invention is further understood with reference to the drawings in which: 

30 Fig. 1 is a schematic of an inline intermeshing and extrusion lamination apparatus for making the laminate of this 
invention. 

Fig. 2 is a cross sectional view taken on line 2-2 of Fig. 1 illustrating the intermeshing rollers in diagrammatic form. 
Fig. 3 is a magnified diagrammatic sketch in cross-section of a nonwoven ftorous web showing fibers before 
stretching. 

35 Fig. 4 is a magnified diagrammatic sketch of the fibrous web of Fig. 3 after incremental stretching to provide a mul- 
titude of fiber ends extending outwardly from both web surfaces. 

Fig. 5 is a magnified diagrammatic sketch of the nonwoven fibrous web of Fig. 3 after lamination to demonstrate 
low bonding between nonwoven fibers and the plastic film surface. 

Fig. 6 is a magnified diagrammatic sketch of the nonwoven fibrous web of Fig. 4 after lamination to demonstrate 
40 the superior bonding of the multitude of extending fiber ends formed by incremental stretching and laminating into 
the plastic film surface. 

OPERATING AND COMPARATIVE EXAMPLES 1 A and 1 B 

45 Extrusion lamination of low density polyethylene (LDPE) film and incrementally stretched polypropylene nonwoven 
fibrous web was made for direct comparison with an extrusion lamination of unstretched nonwoven polypropylene to 
LDPE. 

A. Extrusion Laminate of Incrementally Stretched Nonwoven Fibrous Web and Thermoplastic Film 

50 

A carded polypropylene nonwoven fibrous web of 21.5 g/m 2 (18 grams/yd 2 ) weight was incrementally stretched 
with the CD stretcher, as described above, prior to extrusion lamination with LDPE thermoplastic film of about 13.2 urn 
(0.52 mil) in thickness. This is schematically shown in Fig. 1 where the incoming web 12 was passed through the CD 
stretcher rollers 10 and 1 1 at a depth of rolled engagement at about 2.3 mm (0.090 inch) at 2.5 - 5 m/s (500-1000 fpm). 
55 The intermeshing rollers 10 and 1 1 are diagrammatically shown in Fig. 2 to illustrate the uniform stretching along lines 
across the web and through the depth of the web. After stretching, the intermeshed web 9 had a weight of 14.3 g/m 2 
(12 grams/yd 2 ). In cross-section, the starting web 12 is shown diagrammatically in Fig. 3, before stretching and 
stretched web 9 is shown in Fig. 4. The incrementally stretched web 9 is then continuously fed inline at production 



5 



EP0 688 263 B1 



machinery speed at 2.5 - 5 m/s (500-1000 fpm) over idle roller 13 into a nip of a rubber roll 5 and a metal roll 4 Alter- 
nately, two metal rolls may be used with a fixed gap. The metal roll 4 at the nip may further have an embossing pattern 
for embossing an extruded plastic film while laminating it to the stretched web 9 at the nip with the rubber roll 5. The 
LDPE film 3 from extruder 1 was extruded through die 2 into the nip while the incrementally stretched web 9 was intro- 
duced. Typically, at speeds over 2.5 m/s (500 fpm), the polyethylene film 3 on the order of 6.4 \im to 200 \im (0.25 to 8 
mils) in thickness is laminated at melt temperatures on the order of about 260 - 330°C (500-625° F) to form the laminate 
8 which is taken off at roller 7. The compressive force at the nip is controlled such that one side of the web is bonded 
to the polyolef in film without pinholing of the film and preserving the fibrous feel on the fiber surface of the laminate 8. 
Pressures on the order of about 70 to 550 kN/m 2 (10 to 80 psi) are sufficient to achieve satisfactory bond for fibrous 
webs of 6 to 85 g/m 2 (5 to 70 grams/yd 2 ). In this example, the web 12 has been stretched to provide a stretched web 9 
having about 1 4.3 g/m 2 (1 2 grams/yd 2 ) in weight bonded to the polyethylene film 3 to obtain a laminate having excellent 
bond strengths as measured by peel force in grams per inch. The peel force was measured using an Instron Tensile 
Tester and in grams force needed to peel the laminate. The laminate 8 of this invention exhibited "total bond" which 
means one cannot peel the web 9 from the film 3 without destroying it. Furthermore, the softness of the laminate was 
measured by using a Handie-O-Meter as measured in grams in the CD direction, "mis equipment measured the flexi- 
bility or "hand" of the fiber side of the web at about 2.2 grams which means it is very flexible and soft. The laminate was 
also pinhole free. 

B. Comparative Example 

The unstretched carded polypropylene nonwoven fibrous web 12 of 21.5 g/m 2 (18 grams/yd 2 ) shown in Fig. 3 was 
extrusion laminated to LDPE thermoplastic film in a manner as described in Example 1 A above, except that it was not 
stretched. 

With reference to the above operating Example 1A and comparative Example 1B and Figures 3-6, a number of 
observations are made. First, contrary to the expectation of a reduced bond strength between the stretched web 9 and 
film 3 of laminate 8. the bond strength substantially exceeded the bond strength of the unstretched nonwoven laminate 
19 of Fig. 5. While the unstretched nonwoven fibrous laminate 19 of Fig. 5 produced a bond strength of 24 g/cm (60 
grams per inch), there was a "total bond" achieved as stated above with the laminate of stretched nonwoven (Fig. 6). 
With reference to Figs. 3-4, an examination of the nonwoven web surfaces before and after stretching demonstrated 
that the incremental stretching provided in web 9 a multitude of extending fiber ends 20 extending outwardly from both 
nonwoven surfaces. (Diagrammatically demonstrated with reference to Figs. 3 and 4). 

The multiple extending fiber ends 20 formed by incremental stretching account for a superior bond strength after 
extrusion lamination as demonstrated by the total bond strengths without pinholing. Figs. 5 and 6 demonstrate diagram- 
matically the condition of the stretched 8 and unstretched 1 9 laminates to illustrate the increased bond strengths attrib- 
utable to the multitude of extending fiber ends into the extruded film of the composite as shown at 21. When actual 
samples are examined after carefully peeling the nonwoven fiber web from the surface of the thermoplastic film, it was 
found that many more fibers, perhaps hundreds in several square inches, were actually imbedded into the film at 21 by 
using the stretched nonwoven web 9 in comparison to the unstretched web 12. Only a small number of fibers 22 extend 
into the film surface of laminate 19 with the unstretched web 12. Again, this is diagrammatically shown by comparison 
of Figs. 5 and 6. 

EXAMPLES 2-9 

A series of Examples were performed further illustrating the principles of this invention. In this series, a spun 
bonded polypropylene nonwoven web was stretched and laminated in a manner similar to that described in Example 1 . 
Comparative examples were also run in the same fashion except that the nonwoven web was not stretched. In these 
Examples, a spun bonded polypropylene nonwoven web with a basis weight of 16.7 g/m 2 (14 grams/yd 2 ) is CD 
stretched with the apparatus as described above and with reference to Fig. 1 employing a CD roller engagement of 2.92 
mm (0.1 15 inches) at a speed of 1.27 m/s (250 fpm). The resultant stretched nonwoven webs are very bulky and have 
the same characteristic of fiber ends extending outwardly from the web surfaces for bonding with the laminated film. 
Upon extrusion lamination of the stretched nonwoven web with a polyethylene film (LDPE) at approximately 1.32 m/s 
(260 fpm) with a film gauge of 6.4 urn (0.25 mils) as well as 1 2.8 jam (0.5 mis), a laminated product was obtained having 
the same essential characteristics described above with substantial or total bond strengths. The LDPE film was 
extruded using a conventional 8.9 cm (VA inch) extruder with the barrel setting between 215 - 300°C (420-570°F) and 
die setting between 245 - 275°C (470-530°F) where the melt temperature was approximately 280°C (540°F) and the 
screw RPM for the 12.8 jim and 6.4 jim (0.5 and 0.25 mil) films were 50 and 25, respectively. These same procedures 
were employed for other nonwoven webs having a basis weight of 14.3 g/m 2 (12 grams/yd 2 ). Comparative examples for 
unstretched webs of 14.3 + 16.7 g/m 2 (12 and 14 grams/yd 2 ) were also extrusion laminated. The results of the proce- 
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dures employing the stretched and unstretched webs upon extrusion lamination are shown in the following Table: 



10 



15 



20 



25 



30 



35 



40 



45 



50 



sz\ 
u 
a 
e 

* OJ 
-H U 
OJ 4J 

OJ w 

CU 

tj 
c 
o 

CQ 



o 

OJ 4J 

~ O 

TJ 73 

OJ CJ 
JC OS 

o 

JJ 4J 
OJ £ 
D 

4J 

(/) oj 
5 



oooo oooo 



m o o in oooo 
t *r n r\> T n oj (M 



co oo cr 



o 

CQ 

o in J o 
v h < n 

6- 

O 



o 

03 

O O J lO 
n r-t < fM 

E-» 
O 



TJ ^ 



O O TT TT 

n n 



p. 0 O 

o £ •= ' 

eg rsi 

*T *T C\ G\ 



- 0 D va 

o tn o in 
m rj m cm 



o o n m 



* * ~ 

(N (M 00 00 

o m o in 
m <n in rg 



oooo oooo 



oj n ^ in vor^ooc^ 



o 
u 
o 



tj 

OJ 

u 

V) 

OJ 
E 

TJ 
C 
<U 

U 

OJ 
JJ 
V) 
QJ 



w 
c 
oj 

c 
o 
u 

4J 

c 



c 

<TJ 

CP 

c 

V) 

oj 

>14J 
c 

TJ -h 

QJ g 

U <T3 

3 r-l 
V) 

<T3 0) 

0) JZ 

E JJ 

01 

03 0J 

a 
o o 
o 

a> 

-l TJ 
CJ OJ 
0) 0) 

a c 





OJ 




XI 




JJ 


4) 






c> 


JJ 


c 




•- 4 


Jj 


JJ 


(A Q) 


o 


— 3 


OJ 


£ 0 


u 


e- ^ 


OJ 




XJ 


OJ 




♦ c 


TJ 




c 


£ 


<n 






L. . 


OJ 


CT in 


TJ 




•- t 










u 


£ 


T3 a 




CJ JJ 




U (Q 




3 E 




W 


OJ 


(0 4J 


n 


0) 01 


4J 


£ 01 




r 


c 


■a w 


0 


c 






, — . 


0 


-o 


01 


OJ 


CJ QJ 


u 






o oj n 




<U *H — < 


c 




0 


C (0 o» 




•-•>-. 








Li flj 




0) T3 


o 


4-» «M C 


VI 


OJ 0 «J 




X, 


>-i 


1 TJ 4J 


0 


O C iu 


i: 


1 <U o 


0 


oj c w 


0 




1^ 


T3 H 0) 


«3 


C O u 




<tj o 


c 


Z >* £ 


























■~ * 




. 3 <U 


□ OJ < *~i 


Q< TJ 














OJ 4-) 


U 






0) 4-» W 




u c 




w 2 S 


3 O 




V) 


QUE 


ia oj 


0) 3 


OJ £ 


£ w t; 


E 4J 


10 OJ 




m 0) u 


OJ c 


<o E 3 


U 0 


2 <n 




jj <a 


c 


W C 0) 


V) *H 


W OJ E 


OJ (0 


oj e 


-1 4J 


c a <u 


0 






«»- D U 


C TJ 


o cr o 


— 0) 


01 OJ 








* 


* * 







55 



With reference to the Table, Example 4 demonstrates that the inline stretching and extrusion lamination method of 
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this invention for a film of 12.8 urn (0.50 mil) gauge produces a stretched web of 11 g/m 2 (9.2 grams/yd 2 ) and a 34.3% 
weight reduction. Upon extrusion lamination a total bond is achieved between the web and the extruded film in the lam- 
inate. By comparison, the unstretched film of Example 2 had a bond strength of 15.8 g/cm (40) which demonstrates the 
superior bond strengths achieved by the method of this invention. Furthermore, the softness of the laminate of Example 

5 2 had a value of 4.5 with the unstretched web. In contrast, a value of 3.0 grams was achieved for the laminate of Exam- ' 
pie 4 of this invention which translates to a substantial improvement in the softness attributable to the fibers extending 
outwardly from the incrementally stretched fibrous side of the laminate. 

Upon comparison of Examples 3 and 5, the bonding strengths and softness improvements of the laminate of this 
invention are further demonstrated with a 6.4 \im (0.25 mil) film. In the case of inventive Example 5, the nonwoven web 

10 was stretched with a 34.3% weight reduction from 1 6.7 to 1 1 g/m 2 (1 4 to 9.2 grams/yd 2 ) and, upon extrusion lamination, 
a bond strength of 1 1 .8 g/cm (30) was achieved. By comparison, a bond strength of 5.9 g/cm (1 5) was achieved for the 
unstretched web laminate of Example 3. This improvement in bond strength for the incrementally stretched web lami- 
nate in comparison to the unstretched laminate, by doubling the bond strengths from 5.9 to 1 1 .8 g/cm (15 to 30), is 
indeed surprising, especially since it was expected that the bond strengths of the stretched fibrous web would be less 

is than the unstretched web laminate. Again, the softness of the unstretched laminate of 2.5 of inventive Example 5 in 
comparison to 4 for the stretched laminate demonstrates a substantial improvement of softness for the laminate of this 
invention. 

With reference to Examples 6-9, the results are similar to those achieved for Examples 2-5 of Example 5. In other - 
words, for the incrementally stretched nonwoven web in both film thicknesses of 6.4 and 12.8 \im (0.25 and 0.5 mil), 

20 with a starting nonwoven basis weight of 14.3 g/m 2 (12 grams/yd 2 ), weight reductions of 33.3% were achieved in both 
instances. In the case of the 12.8 urn (0.5 mil) film, a total bond was again achieved by this invention Example 8. In the 
case of the 6.4 \im (0.25 mil) film laminate of this invention Example 9, a bond strength value of 9.8 g/cm (25) was 
achieved in comparison to 3.9 g/cm (10) for the unstretched web of Example 7. Substantial improvements in softness 
were similarly demonstrated by comparing the values for Examples 6-9 shown in the Table in a fashion similar to those 

25 for Examples 2-5. 

In addition to the above advantages, as demonstrated by the Table, there were no pinholes formed in the extruded 
film of this invention in spite of the multitude of hundreds and hundreds of fibers over several square inches extending 
outwardly from the web surface of the stretched nonwoven web prior to the extrusion lamination process. Therefore, it 
will be readily understood by a person of ordinary skill in the art that significant advantages are achieved by the inline 
30 incremental stretching and extrusion lamination process of this invention. Extrusion laminates are formed having supe- 
rior bonding strengths and softness characteristics upon comparison with unstretched nonwoven laminates as demon- 
strated above. Other polyolefin, polyester and other polymeric fibers may be bonded by this method to other 
thermoplastic films. The above Examples are intended to illustrate these principles, benefits and advantages of this 
invention and it will be understood that other materials may be employed to achieved the same or similar results. 

35 

Claims 

1 . An extrusion laminate (8) of a nonwoven fibrous web and a thermoplastic film comprising a nonwoven fibrous web 
(12) and a thermoplastic film (3) extrusion laminated to one surface of the web (12) with the fibre ends which extend 

40 outwardly from the web surfaces extending into the film (3) for bonding the web (1 2) to the film (3) without penetrat- 
ing through the film (3), characterised in that the web (9) has a multitude of fibre ends extending outwardly from 
both web surfaces formed by incremental stretching of the fibrous web (12) along lines substantially uniformly 
across the web (12) and throughout its depth, the other surface of the web (9) having the multitudinous fibre ends 
extending outwardly therefrom to provide a soft fibrous texture to the laminate (8). 

45 

2. A laminate as claimed in Claim 1 , wherein the fibrous web (9) comprises polyolefin fibres. 

3. A laminate as claimed in either Claim 1 or Claim 2, wherein the thermoplastic film (3) is a polyolefin film. 

so 4. A laminate as claimed in Claim 1 , wherein the fibres are polypropylene, polyethylene, polyesters, cellulose, rayon 
or nylon fibres or blends two or more of such fibres. 

5. A laminate as claimed in either Claim 1 or Claim 4, wherein the thermoplastic film (3) is polyethylene or polypropyl- 
ene or copolymers thereof. 

55 

6. A laminate as claimed in Claim 1 , wherein both the web (9) and film (3) are made from biodegradable polymer. 

7. A laminate as claimed in Claim 6, wherein the biodegradable polymer is polyvinyl alcohol, polycaprolactone or a 
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starch polymer and blends thereof. 

8. A laminate as claimed in any preceding Claim, wherein the fibrous web (9) has a weight from 6 to 85 g/m 2 (5 to 70 
grams/yd 2 ) and the thermoplastic film (3) has a film thickness of 6.4 urn to 200 \im (0.25 to 8 mils). 

5 ' 

9. A laminate as claimed in any preceding Claim, wherein the web (9) is formed from staple or spun-bonded fibres. 

1 0. A method of extrusion laminating a nonwoven fibrous web to a thermoplastic film which comprises providing a non- 
woven fibrous web (12), introducing the web (12) into a nip of rollers (4, 5) for extrusion lamination with a thermo- 

10 plastic film (3), extruding into the nip a thermoplastic extrudate at a temperature above its softening point to form a 
film (3), and, controlling the compressive force between the fibrous web (1 2) and extrudate at the nip to bond one 
surface of the web ( 1 2) with the fibre ends which extend outwardly from the web surfaces extending into the film (3) 
without penetrating through the film, characterised in that prior to introducing the web (12) into the nip, the web (1 2) 
is incrementally stretched along lines substantially uniformly across the web (12) and throughout its depth to pro- 

15 vide a multitude of fibre ends extending outwardly from both web surfaces, and in that the compressive force is con- 
trolled also to maintain the multitudinous extending fibre ends on the other surface of the fibrous web (9) to provide 
a soft fibrous texture to the laminate (8). 

1 1 . A method as claimed in Claim 9, wherein the inline stretching and extrusion laminating are conducted at 2.5 m/s to 
so 5 m/s (500 to 1000 fpm). 

PatentansprQche 

1. Extrusionslaminat (8) aus einem nichtgewebten Faservlies und einem thermoplastischen Film, umfassend ein 
25 nichtgewebtes Faservlies (12) und einen thermoplastischen Film (3), der auf eine Flache des Vlieses (12) extrusi- 

onsbeschichtet ist, wobei die von den Vliesflachen nach auBen wegverlaufenden Faserenden in den Rim (3) ver- 
laufen, urn das Vlies (12) an den Film (3) zu binden, ohne den Film (3) zu durchdringen, dadurch gekennzeichnet, 
daB das Vlies (9) eine Vielzahl von Faserenden aufweist, die von beiden Vliesflachen nach auBen wegverlaufen, 
die durch schrittweises Strecken des Faservlieses (12) entlang Linien im wesentlichen gleichmaBig uber das Vlies 
30 (12) und durch seine gesamte Tiefe geformt werden. wobei die zahlreichen Faserenden auf der anderen Flache 
des Vlieses (9) nach auBen wegverlaufen, urn dem Laminat (8) eine weiche Faserstruktur zu verleihen. 

2. Laminat nach Anspruch 1 , bei dem das Faservlies (9) Polyolef infasern umfaBt. 

35 3. Laminat nach einem der Anspruche 1 Oder 2, bei dem der thermoplastische Film (3) ein Polyolef infilm ist. 

4. Laminat nach Anspruch 1, bei dem die Fasern Polypropylen-, Polyethylen-, Polyester-, Zellulose-, Reyon- oder 
Nylonfasern oder Mischungen aus zwei oder mehreren solcher Fasern sind. 

40 5. Laminat nach Anspruch 1 oder Anspruch 4, bei dem der thermoplastische Film (3) Polyethylen oder Polypropylen 
oder Copolymere davon umfaBt. 

6. Laminat nach Anspruch 1 , bei dem das Vlies (9) und der Film (3) aus biologisch abbaubarem Polymer bestehen. 

45 7. Laminat nach Anspruch 6, bei dem das biologisch abbaubare Polymer Polyvinyalkohol, Polycaprolacton oder ein 
Starkepolymer oder Mischungen davon umfaBt. 

8. Laminat nach einem der vorherigen Anspruche, bei dem das Faservlies (9) ein Gewicht zwischen 6 und 85 g/m 2 
(5 bis 70 g/yd 2 ) hat und der thermoplastische Film (3) eine Filmdicke von 6,4 jim bis 200 fim (0,25 bis 8 mil) hat. 

50 

9. Laminat nach einem der vorherigen Anspruche, bei dem das Vlies (9) aus Stapeffasern oder spunbonded Fasern 
gebildet wird. 

10. Verfahren zum Extrusionsbeschichten eines nichtgewebten Faservlieses auf einen thermoplastischen Film, umfas- 
55 send die folgenden Schrrtte: Bereitstellen eines nichtgewebten Faservlieses (12), Einfuhren des Vlieses (12) in 

Quetschwalzen (4, 5) zum Extrusionsbeschichten mit einem thermoplastischen Film (3), Extrudieren eines thermo- 
plastischen Extrudats in der Quetschwalze bei einer Temperatur uber seinem Erweichungspunkt, urn einen Film (3) 
zu bilden, und Regeln der Druckkraft zwischen dem Faservlies (12) und dem Extrudat an der Quetschwalze, urn 
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eine Fiache des Vlieses (12) zu verbinden, wobei die von den Vliesfiachen nach auBen wegverlaufenden Faseren- 
den in den Film (3) verlaufen, ohne den Film zu durchdringen, dadurch gekennzeichnet, daB vor dem EinfOhren 
des Vlieses (12) in die Quetschwalze das Vlies (12) schrittweise entlang Linien im wesentlichen gleichmaBig Qber 
das Vlies (12) und durch seine gesamte Tiefe gestreckl wird, urn eine Vielzahl von Faserenden bereitzustellen, die 
von beiden Vliesfiachen nach auBen wegverlaufen. und dadurch, daB die Druckkraft auch geregelt wird, urn die 
zahlreichen wegverlaufenden Faserenden auf der anderen Fiache des Faservlieses (9) zu haften, urn dem Laminat 
(8) eine weiche Faserstruktur zu verleihen. 

1 1 . Verfahren nach Anspruch 9, bei dem das Inline-Strecken und Extrusionsbeschichten bei 2,5 m/s bis 5 m/s (500 bis 
100 fpm) durchgefuhrt werden. 

Revendications 

1 . Lamine par extrusion (8) d'un voile f ibreux non tisse et d'un film thermoplastique comprenant un voile f ibreux non 
tisse (12) et un film thermoplastique (3) lamine par extrusion k une surface du voile (12) dont les extremes des 
fibres qui s'etendent vers I'exterieur des surfaces du voile se prolongent dans le film (3) pour coller le voile (12) au 
film (3) sans penetrer k travers le film (3), caracterise en ce que le voile (9) a une multitude d'extremites de fibres 
qui s'etendent vers I'exterieur k partir des deux surfaces du voile formees par etirage incrementiel du voile f ibreux 
(12) suivant des lignes substantial ement uniformement transversales au voile (12) et sur toute sa profondeur, la 
multitude d'extremites de fibres depassant vers I'exterieur de I'autre surface du voile (9) pour conferer une texture 
f ibreuse douce au lamine (8). 

2. Lamine selon la Revendication 1 . dans lequel le voile f ibreux (9) comprend des fibres de polyolef ine. 

3. Lamine selon la Revendication 1 ou la Revendication 2, dans lequel le film thermoplastique (3) est un film de poly- 
olefine. 

4. Lamine selon la Revendication 1 , dans lequel les fibres sort des fibres de polypropylene, de polyethylene, de poly- 
esters, de cellulose, de rayonne ou de nylon ou des melanges de deux ou plus de ces fibres. 

5. Lamine selon la Revendication 1 ou la Revendication 4, dans lequel le film thermoplastique (3) est en polyethylene 
ou en polypropylene ou en copolymeres de ces elements. 

6. Lamine selon la Revendication 1 , dans lequel le voile (9) et le film (3) sort tous deux realises en polymere biode- 
gradable. 

7. Lamine selon la Revendication 6, dans lequel le polymere biodegradable est de I'alcool de polyvinyle, du polyca- 
prolactone ou un polymere d'amidon et des melanges de ces elements. 

8. Lamine selon I'une quelconque des Revendications precedentes, dans lequel le voile fibreux (9) a un poids de 6 a. 
85 g/m 2 (5 k 70 grammes/yard 2 ) et le film thermoplastique (3) a une epaisseur de film de 6,4 jim k 200 jim (0,25 k 
Smilliemesdepouce). 

9. Lamine selon I'une quelconque des Revendications precedentes, dans lequel le voile (9) est forme de fibres dis- 
continues ou de fibres de file-lie. 

10. Methode de laminage par extrusion d'un voile fibreux non tisse k un film thermoplastique qui comprend la mise en 
oeuvre d'un voile fibreux non tisse (12), Introduction du voile (12) dans une paire de rouleaux de pincage (4, 5) 
pour laminage par extrusion avec un film thermoplastique (3), I'extrusion dans la paire de rouleaux de pingage d'un 
extrudat thermoplastique k une temperature superieure k son point de ramollissement pour former un film (3), et 
la regulation de la force de compression entre le voile fibreux (12) et I'extrudat au niveau de la paire de rouleaux 
de pincage pour coller une surface du voile (1 2) avec les extremites de fibres qui s'etendent vers I'exterieur des sur- 
faces du voile se prolongeant dans le film (3) sans traverser le film, caracterisee en ce que, avant I'introduction du 
voile (12) dans la paire de rouleaux, le voile (12) est etire de maniere incrementielle suivant des lignes substantiel- 
lement uniformement transversales au voile (12) et sur toute sa profondeur pour fournir une multitude d'extremites 
de fibres s'etendant vers I'exterieur k partir des surfaces du voile, et en ce que la force de compression est aussi 
contr6lee pour maintenir la multitude d'extremites de fibres sur I'autre surface du voile fibreux (9) de maniere a con- 
ferer une texture f ibreuse douc au lamine (8). 
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1 1 . Methode seion la Revendication 9, dans laquelle I'etirage en ligne et le laminage par extrusion sort effectues a une 
vitesse de 2,5 m/s a 5 m/s (500 a 1 000 pieds/min). 
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